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INTRODUCTION 
Man is constantly raising the levels of radiation in 
the biosphere through the increased use of atomic energy 
for military end peaceful purposes. The potential effects 
on ecosystems from releasing large amounts of fission pro¬ 
ducts into the environment have made radiation ecology of 
major concern. In the extremely dilute amounts now found 
in many environments, the effects are little known and 
often presumed to be negligible. The tendency of organ¬ 
isms to concentrate certain radioisotopes makes the haz¬ 
ard even greater. Concentration factors for isotopes as 
high as 1-J- million have been noted, although they are 
usually much lower (Hanson and Romberg, 1956) , Levels 
of radiation too low to cause gross vegetational changes 
could predispose major plant communities composed of sens¬ 
itive species,; such es the boreal forest, to insect attack. 
It is thus obvious that a better knowledge of potential 
environmental effects caused by radiation is needed before 
background levels are raised appreciably. 
In 1961 a project was established at Brookhaven 
National Laboratory, Upton, Long Island, New fork, to 
study the short and long term effects of chronic radiation 
on a biotic community and its components. Prior to init¬ 
iation of irradiation in November, intensive studies were 
made of the plant end animal communities, I conducted 
the pre-irradiation arthropod studies, as well as those 
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following irradiation. 
The objective of my study was to establish the pat¬ 
tern of changes in the insect community of a forest ex¬ 
posed to chronic ionizing radiation. To do this, a study 
was made of species diversity and fluctuations in popu¬ 
lations representative of different trophic components 
of the community. This thesis is limited to changes in 
arthropod populations associated with the low shrub 
synusia. 
Changes in insect populations may result from di¬ 
rect effects of radiation on individual insects, and from 
radiation induced changes in the vegetation. Since high¬ 
er plants are more sensitive than insects, the major in¬ 
fluences are vegetational changes. 
To obtain large numbers of insects rapidly and by 
an easily reproducible method, intensive sampling was 
limited to the low shrub synusia of the forest. An in¬ 
sect sweep sampling technique was used to obtain an inven¬ 
tory of insect populations in the forest at points of dif¬ 
ferent radiation intensity. 
-3- 
ANALYSIS OF THE LITERATURE 
Radiation Effects on Insects 
Experimental studies of radiation effects on pop¬ 
ulations and communities are poorly represented in the 
literature when compared to the number of studies of 
effects on individual attributes. Among the latter are 
age-specific sensitivity, fecundity, longevity, end physio¬ 
logical processes. Most of these studies have been con¬ 
cerned with laboratory populations of single species 
where most stress conditions were eliminated. 
Population Effects 
Chronic Exposures: The population studies util¬ 
izing chronic radiation have all been in the laboratory, 
and most have considered genetic effects. Wallace and 
King (1950 & 1951) and Wallace (1955), using populations 
of Drosophila melanogaster exposed to low levels of 
chronic radiation, suggested that there may be an adapt¬ 
ation to radiation by the selection of heterotic gene 
combinations, while Lflning&Jonsson (1958) working with 
D. mclanogaster. found that there was no mutational adapt¬ 
ation to chronic radiation. In contrast, Spalding and 
Strong (1961), working with mice, reported a radiation 
induced decrement in ability of mice to withstand gamma 
radiation stress. Since genetic effects caused by radia¬ 
tion have no threshold, any increase in background levels 
4- 
will increase the mutation rate,(Bacq & Alexander, 1961). 
Although this may have great consequence to the individ¬ 
ual, whether or not it affects the final genetic equil¬ 
ibrium of the population is controversial. Different 
workers have reported that for a population exposed to 
low intensity radiation, there may be no effect, a dele¬ 
terious effect, or even an adaptation to the increased lev¬ 
els of radiation. In a natural population mutations would 
probably have little effect since deleterious changes 
would be selected against. 
Some authors have noticed stimulatory effects at 
low levels of radiation, while others have reported results 
to the contrary. Rodriquez (1948) reported increased fe¬ 
cundity of mites on plants containing radiophosphorus 
over that of mites on control plants. However, Erdman 
(1982$) exposed a population of Mediterranean meal moths 
to continuous radiation by culturing them on food contain- 
QQ 
ing concentrations of Sr . He found that adult moths 
which had been subjected to this treatment throughout 
their life cycle produced progressively fewer progeny as 
the level of activity was raised. The group receiving the 
highest exposure was rendered sterile without affecting 
its longevity. A developmental delay occurred which was 
significant at the 1$ level for all isotopic concentrat¬ 
ions employed. There was also an increase in the ratio of 
males to females at a 5fo significance level. The intrinsic 
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rate of natural increase for a population of Daphnia 
pulex has been shown to decline under continuous rad¬ 
iation* The amount of decline was correlated with the 
intensity of the exposure (Marshall, 1961). Lowering 
of the intrinsic rate of natural increase may result in 
a contraction of the species range, or in a reduction in 
its average abundance. This lowering might also result 
in more frequent elimination by competitors, predators, 
or parasites. 
An extensive study of natural populations exposed to 
radioisotopes is being carried out at Oak Ridge National 
Laboratory. The method of attack and the objectives dif¬ 
fer from those of this study. In the Oak Ridge study att¬ 
ention is focused on the role of insects in the redistrib¬ 
ution and spread of radioactive contamination. White Oak 
Lake bed is being used as a large scale tracer experiment 
to help resolve questions concerning basic aspects of in¬ 
sect ecology. Most studies concern uptake concentrations 
and elimination of isotopes and the role of insects in 
the biological cycling of fission products, (Auerbach, 
1958$ Crossley and Howden, 1961). 
Acute Exposure; Other laboratory studies of rad¬ 
iation effects on populations have been made using acute 
exposures and then studying the subsequent effects. 
Melville (1958) exposed the grain mite Acarus siro to 
single doses of radiation and subsequently recorded the 
number and viability of the eggs. He found that at low 
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doses radiation increased egg production and hatch, while 
higher doses reduced the number and viability of the eggs. 
Bowden and Auerbach (1958) studied the effects on a pop¬ 
ulation of grain beetles, Tribolium sternale, and found 
that a fairly low dosage, 4,000r, decreased the population 
by lowered vitality and reduced reproductive rate. 
Auerbach et al. (1957) observed changes in Collembola pop¬ 
ulations subjected to radiation and found that the effect 
seemed to be chiefly one of lengthening the log phase of 
population growth. All populations multiplied at about 
the same rate, although for doses of 5,000r and 7,000r 
there was a considerable lowering of the asymptotic lev¬ 
els. The 3,000r group was slightly above the control 
level• 
Auerbach (1958) reported observations on both 
Collembola and mite popiilations. He found a stimulatory 
effect on populations of Collembola which was reflected 
in an increase in numbers. He attributed this increase 
to a reduction in predation, parasitism, or competition. 
He also noted a marked increase in a herbivorous (prey) 
mite when the more radiosensitive predatory mite was re¬ 
duced to very low numbers by radiation. In a continuation 
study of two interacting populations of different mites, 
one a predator and one a prey, Rohde (1959) obtained 
additional evidence to support the hypothesis of reduced 
predator pressure. He found that in eggs of equal chron¬ 
ological age, those of the predator were 50$ more sensitive 
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thon those of the prey. However, in eggs which had com*- 
pleted of their development, 24 and 84 hours respect¬ 
ively, the prey eggs were much more sensitive than the 
predator’s. In addition, the predator male is rendered 
permanently sterile by doses that produce only temporary 
sterility in the prey male which is also less sensitive. 
Thus, chronic effects on populations may be quite differ¬ 
ent from those indicated by irradiating only a single stage 
of the insect. 
Many studies have been made of radiation effects on 
various chacteristics of insects. These include fecundity, 
age-specific sensitivity, genetic effects, and longevity. 
Although it ie difficult to apply these results to pop¬ 
ulations, especially natural populations, many of these 
effects will be reflected in population changes. A fur¬ 
ther complicating factor is that acute, fractionated, and 
chronic doses affect insects to differing degrees. These 
different methods of application have led to many conflict¬ 
ing reports in the literature. 
Longevity 
Clark (1961), working with Habrobracon larvae, pupae, 
and adults, and single exposures, found that a reduction 
in life span occurred proportional to the dose received. 
Erdman (1960a), also working with Habrobracon and 24 hour 
embryos found a reduction in longevity with single doses. 
Wharton and Wharton (1959) studied cockroaches under hun¬ 
ger stress and found a reduction in life span caused by 
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radiation. In contrast, some workers have found a length¬ 
ening of life span after radiation. Davey (1919) found 
that longevity of Tribolium confusum could be prolonged 
by exposure to small doses of x-rays. Prolongation was 
longer with a series of small daily doses than with a sin¬ 
gle large dose. The total accumulated doses were greater 
than those required to produce death if given as a single 
irradiation. Bavey attributed this prolongation to stim¬ 
ulation of body defense and repair processes which more 
than compensated for any damage by radiation. Cork (1957), 
also working with T. confusum, but using gamma radiation, 
confirmed Davey*s original observations. He obtained up 
to 20^ increase in longevity, either with a single 3,G00r 
exposure or fractionated doses of lOOr/day. Twenty percent 
of the individuals in the fractionated dosage group receiv¬ 
ed up to 45,000r, which is more than twice the amount nec¬ 
essary to give an BB^^ in one irradiation. He presumed 
that the increase in longevity was due to stimulated re¬ 
pair mechanisms and also to the slowing of the normal 
physiological processes. Sullivan and Groseh (1953) 
subjected adult Habrobracon wasps to dosages between 0 
and 180,250r and found an increase in life span of all 
irradiated groups over control groups. All groups were 
subjected to starvation conditions. When provided with 
food, the treated insects died before the control insects. 
Sensitivity and Fecundity 
Studies on the sensitivity of insects are difficult 
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to correlate. Not only do different species of insects 
vary widely in their sensitivity, but also the different 
stages of a species show a corresponding amplitude of 
variation. 
Many studies have been carried out on the effects 
of radiation, particularly x-rays, on various species of 
insects. A great deal of radiation sensitivity work has 
been done recently for potential insect control. This 
work has yielded a great mass of information on sensit¬ 
ivity of specific stages of certain insect species react¬ 
ing to different kinds of radiation applied at different 
intensities and in single or fractionated doses. An ex¬ 
cellent summary for the sensitivity work done before .1957 
has been given by Jenkins (1957). No good review of the 
more recent work has been published* Most of the inform¬ 
ation has limited value in radiation population ecology, 
although some of the information which has recently em¬ 
erged is of importance in understanding possible con¬ 
sequences of radiation on populations. I will analyze 
the latter and discuss its possible population conseq¬ 
uences. 
The sensitivity of different stages in an insect*s 
life cycle varies greatly, so the population as a whole 
is influenced by the most sensitive stages. Since in¬ 
sects exposed to chronic radiation pass through critical 
stages while under constant radiation stress, the results 
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nay bo markedly different from those in populations ex¬ 
posed at only one particular stage of development* The 
developing reproductive cells, developing embryos, periods 
of molting, and pupation appear to be the most sensitive 
since it is at these times that cell division is at its 
height* In general, sensitivity decreases with progress¬ 
ion of developmental stages* The adult stage of insects 
is generally very resistant, probably due to the lack of 
cell division. 
A radiation dose which will cause a reduction in fer¬ 
tility, even to the point of sterility, is much lower then 
that necessary to induce acute mortality (Lindquist, 1958) • 
Krdman (1980b) showed that there is a, divergence between 
lethal and sterilizing doses of x-rays with progression of 
development* Grosck and Sullivan (1954) demonstrated that 
temporary sterility is induced at lower doses then those 
required to produce permanent sterility. This result mere¬ 
ly calls attention to the fact that one cannot always apply 
laboratory results to chronically irradiated populations. 
A chronic exposure level low enough to produce only tem¬ 
porary sterility would maintain this condition indefinitely* 
The abilities of different species to withstand rad¬ 
iation vary over a wide range. Carothers (1940) x-rayed 
grasshopper embryos in early prediapause and allowed them 
to develop* Ho found that a dose as }ow as 25Gr was 100$ 
lethal. Carlson ot al* (1949) exposed grasshopper 
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neuroblasts to low intensity gamine, radiation and reported 
that doses as low as 8r caused some mitotic delay init¬ 
ially, but the division rate soon returned to normal, 
Nair (1962) irradiated housefly pupae and found that the 
early stages of development were the most sensitive. 
Doses of 2,000r with 5 hour old pupae resulted in no 
emergence, while on 30-80 hour old pupae there was no 
effect. Balwin and Salthouse (1959) demonstrated that 
radiation burns often resulted with the bug, Rhodinus 
•prolixus. during periods of molting. However, Hassett 
and Jenkins (1952), working with mature beetles of the 
lesser grain borer, found that a dose of 257,000r was 
necessary to cause 100^ mortality in 4 days, a thousand¬ 
fold difference in sensitivity from that of grasshopper 
embryos. Srdman (1962b) has called attention to the fact 
that even species closely related taxonomically, Tribolium 
confusum and T* castancum, may show different sensitivities. 
Of particular importance in population changes are 
the differential effects on males and females of the same 
species. Several workers have noticed a differential in 
the size of exposures necessary to produce sterility in 
males and females. Clark (1957) found that males of 
Habrobracon were much more sensitive than females. She 
explained the more marked sensitivity of the male by the 
fact that the male is haploid while the female is diploid. 
Clark and Kelley (1950) extended the work using pupae and 
prepupae and found similar results. However, they also 
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used diploid males and found "them to be equally as re¬ 
sistant as the females, Carney (1959) observed the oppo¬ 
site effect working with Trogoderma granarium. Working 
with adults he found that the females were sterilized by 
doses 3 times lower than the males. Thus each species 
has its own particular sensitivities for each stage and 
sex, but in general, sensitivity decreases with increasing 
age, 
Species of insects differ widely in their sensitivity. 
Elimination or differential inhibition of species will 
cause changes in relative abundance and species composit¬ 
ion. This can have long range effects on host-parasite 
balances and predator-prey relationships which may cause 
oscillations in population density resulting ultimately 
in extinction or population explosions. Work with lab¬ 
oratory populations has only hinted at these possible 
effects of modified species interactions (Auerbach, 1958; 
Rohde, 1959)• 
Sensitivity of a population throughout its life cycle 
is difficult to measure. Not only do changes depend upon 
the most radiation sensitive stage in the developmental 
cycle, but also on the total dosages accumulated at var¬ 
ious critical stages such as molts and transformations. 
The variation in a populations radioresistance and the 
levels of radiation actually received will dictate, 
through the normal population chacteristics, what results 
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are actually produced. 
Developmental Effects 
The effect of radiation on growth is dependent on 
the dosage. At low dosages there is little effect, at 
intermediate dosages there appears to be enhancement in 
some cases and retardation in others, while for large 
dosages all growth is terminated. Yellow fever mosquito 
larvae placed in water containing 0.5 microcuries of P3S/ml 
were slightly retarded, at 5.0 microcuries/ml growth was 
largely inhibited and pupation delayed 4 weeks. At concen- 
trations of 10-25 microcuries of P /ml larvae became pale, 
did not feed, and died (Hassett end Jenkins, 1951). Many 
authors have reported delay or inhibition of development, 
among them(Amason et al.,1949; Cornwell et al•, 1957; and 
Erdraan, 1962a, 1963). Whiting (1950), working with irrad¬ 
iated larvae of the Mediterranean flour moth reported that 
their behavior resembled that of diapause larvae in forms 
which show a prolonged arrest of growth in this stage. 
All larvae lived at least a few days and some were still 
alive 30-40 days later, but none completed pupation, 
Bourgin et al.(1956) found that radiation produced a de¬ 
lay in pupation of Drosophila which he attributed to 
effects on the ring gland, which is important in secret¬ 
ing hormones for pupation. 
The effects of radiation on development could have 
much more seriuus consequences in a natural population 
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than in a laboratory population. The lengthening of var¬ 
ious developmental stages might cause populations to be¬ 
come unsynchronized with their environment. This could 
result in such things as their being in a cold suscept¬ 
ible stage at the onset of cold weather, or they might 
emerge too late to successfully attack a host or food 
plant. 
Genetic Effects 
The effects of radiation on insects have been stud¬ 
ied extensively with regard to mutations and chromosome 
phenomona. Geneticists have used the fruit fly for over 
a generation, and hundreds of papers have been published 
on the genetic changes produced. Most of these studies 
have involved genetic changes which would have very lit¬ 
tle effect on the final equilibrium of a natural populat¬ 
ion, Some work cited earlier has been done on population 
effects of continuous radiation (Wallace and King, 1950, 
1951j Wallace, 1955, and Ldning, 1958), Catcheside (1948) 
has reviewed the literature of genetics and cytology deal¬ 
ing with the effects of radiation on insects. 
Interactions with Stress 
Workers have noted that stresses of various kinds 
influence the results of radiation, Sullivan and Grosch 
(1953) called attention to the fact that under starvation 
conditions irradiated wasps live longer than control wasps. 
A year later these same authors, Grosch and Sullivan (1954), 
stated that starvation hastens the onset of sterility and 
reduces the number of eggs laid. Groseh (1956) again 
reported that under starvation conditions irradiated in¬ 
sects lived longer than normal insects, but if provided 
with food they die sooner than controls. He explained 
this by the insects lethargy induced by the radiation 
treatment. King and Wilson (1955) found that fasted flies 
were killed much more quickly than non-fasted flies. 
Wharton and Wharton (1959) obtained the same results work¬ 
ing with cockroaches* They found that both pro- and post¬ 
irradiation starvation reduced resistance to radiation in¬ 
jury. Thus, although length of life of irradiated individ 
uals may be extended by post-irradiation starvation, sus¬ 
ceptibility to sterilization and general resistance are 
lowered by pre-irradiation starvation. 
Erdman (1963) obtained some interesting results 
dealing with the debilitating effect of radiation which 
may predispose an insect to attack by infective agents. 
He found that populations of the Mediterranean meal moth 
exposed to radiation were much more subject to infection 
by a viral disease than were the non—irradiated control 
groups. 
Auerbach (1958) and Rohde (1959) have called atten¬ 
tion to the fact that a predator may be more radiosensit¬ 
ive, and thus through a reduction of predator pressure 
cause a marked increase in the prey population. Convers¬ 
ely, the host of a parasite or the prey of a predator 
could be more sensitive and thus through its decrease 
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also cause a decrease in the dependent populations* 
Ionizing radiation is generally deleterious to 
living systems; therefore, exposure can be expected to re¬ 
duce physiological tolerances to environmental stress* 
This stress added to the general environmental resistance 
could cause marked reductions in populations which under 
normal conditions just managed to maintain their numbers. 
Although insect evidence for this is lacking in nature, 
recent plant studies have supx>orted the contention that 
strong interactions exist between stress and radiation 
exposure (McCormick & Platt, 1962). Laboratory studies 
have shown that stresses do influence the results of rad¬ 
iation in insects. An irradiated insect*s ability to 
withstand other environmental stresses seems to be reduced 
except in the case of post-treatment starvation. Pre-irea 
raent stress factors, including starvation, seems to in¬ 
crease sensitivity. 
Methods of Application 
There are many apparent contradictions in insect 
radiation literature, many of which result from the differ 
ent methods of application; single doses, fractionated 
doses, or chronic doses. In fact, some authors ha.ve used 
the terms loosely, i.e. using chronic exposures to mean 
single doses applied daily which properly should be termed 
fractionated exposure. 
Davey (1919) noticed that the prolongation of life 
-17- 
span was greater from a series of small daily doses than 
with a single large dose, and that the lethal effect was 
also less from fractionated doses* The total of the 
fractionated doses, if given all at once would have caused 
premature death instead of lengthening of life* Cork (1957) 
reported that the cumulative effect of fractionated doses 
was not the same as the effect produced by the same amount 
of radiation applied as a single exposure. Some of the 
beetles used, Tribolium confusum* received a total of 
45,000r, more than twice the amount required to give an 
LDloo in one irradiation, Howden and Auerbach (1958) 
also reported that single doses were more effective in 
sterilizing and in delaying larval development of 
Tribolium sternale. Jeffries (1962) studied the differ¬ 
ences between continuous and fractionated doses on the 
survival and fertility of Sitophilus granarius. He found 
that the survival of all developmental stages was sig¬ 
nificantly increased by fractionation over survival when 
the radiation was administered as a single exposure* 
Sweep Sampling 
Sampling of insect populations is a complex problem. 
Quantitative methods which yield large numbers of insects 
with a reasonable degree of accuracy are few. The sweep 
net method offers a feasible means of sampling which satis¬ 
fies these requirements. The method is one used exten¬ 
sively by Shelford and his students, (Weese, 1924; Blake, 
1926; Smith, 1928; Shackleford, 1929; and Shelford, 
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1951), in which 50 sweeps, usually synchronized with the 
collector's pace, are taken with a standard American-type 
net. The 50 sweeps, each with a four foot arc, are usually 
regarded as giving a population approximation for one square- 
meter area. This equivalent need not be assumed for this 
study, since samples of 50 sweeps will merely be compared. 
An excellent review of the sweep sampling method, its applic¬ 
ations, and the results obtainable, has been given by 
Carpenter (1936). 
This method has been criticized by several workers for 
its obvious limitations. DeLong (1932) has summarized the 
difficulties of the method and expressed doubts as to its 
usefulness. Environmental factors were found by Romney (1945) 
and Hughes (1955) to effect the catch. Romney found temper¬ 
ature had a marked effect on the size of his catch, while 
wind also played an important role. It is evident also that 
the catch of a given species depends upon its behavior and 
responsiveness, as well as on environmental factors affect¬ 
ing these. Even though a high correlation may be found be¬ 
tween cylinder and net samples, some species are better able 
to evade the net or retain their hold on the foliage then 
others (Romney, 1945)* Statistical studies by Gray and 
Treloar (1933), and Beall (1935) also pointed out the wide 
variations obtained by this method. Carpenter (1938), how¬ 
ever, in reviewing the work up to that time found that it 
was a very useful ecological tool, and also that there was 
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a good agreement between the results of different surveys 
even in different types of vegetation. 
Even though sweep samples are imperfectly represent¬ 
ative of the total insect community and do not give absolute 
values for population size, they yield valuable data on pop¬ 
ulation changes of a comparative nature. Most of the faults 
in this type of sampling can be circumvented by intensive 
standardization of the technique and comparison of samples 
from single, homogeneous vegetaiional types. Fluctuations 
due to weather changes can be negated by comparison of sam¬ 
ples from different locations taken within a short period 
during a single day. 
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EXPERIMENTAL AREA AND PROCEDURES 
The Gamma. Forest 
Forest Description 
The "gemma forest", growing on a sandy glacial out- 
wash plain, is representative of the oak-pitch pine forests 
of Long Island, The sandy podzolic soil is acidic, well 
drained and comparatively infertile. The stand covers an 
area of approximately 50 hectares (125 acres). The princi¬ 
pal tree species by number of stems over 3 meters in height 
are white oak, Quercus alba L,, which comprises 63$ and 
scarlet oak, £. coccinia Muenchh., about 19$. Pinus 
rigida Mill*, pitch pine, is the only other important tree 
of the canopy and comprises 13$, although black oak, 
J2* velutina Lam., occurs as small scattered trees and 
makes up the remaining 5$. The tallest and oldest of the 
trees are pines, the largest, more than 90 years old and 
16-20 meters tall* The few young pines are suppressed. 
Scarlet oaks and white oaks of the canopy are 8-12 meters 
tall and 35-45 years old, having regenerated after a fire 
about 1918 (Sparrow and Woodwell, 1962). 
The understory is characterized by bear oak, 
ilicifolia Wang., which is scattered end seldom exceeds 
I meter in height. 
The low shrub synusia which comprised the vegetation 
sampled consists of three principal species in the family 
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Ericaceae, Gaylussacia baceata (Wang.)K. Koch is the most 
abundant, with Vaccinium vacillans Torr. and V. angustifolium 
Ait, making up the remainder. These form a homogeneous 
stratum of the forest with minor fluctuations in both den¬ 
sity and species composition. The density for the low shrub 
vegetation along the three sectors sampled (Fig, 1) increases 
outwardly from the source of radiation. The graph shows a 
slight but general increase in density. The species compo¬ 
sition by percentage for each sector is shown (Figs. 2-4). 
The species composition varies between points along a sector 
due largely to the clonal distribution of these shrubs. 
V. augustifolium is more abundant near the source, while 
G. baccata is the most common shrub farther away from the 
source. 
The "gamma forest” is circular and is divided into 
16 pie-shaped sectors of equal size, numbered clockwise 
A 
so that 01 is due north, 05 due east, 09 due south, and 
13 due west of the source, which forms the center of the 
circle. Each of these sectors is bisected by a sector 
radius. The forest is also divided into ring zones which 
are at designated distances from the radiation source. 
These have code numbers but are referred to in this paper 
by meter distance from the source. 
Source Description 
The summer of 1961 was designated as a control season; 
i.e., it was used for pre—irradiation studies* Irradiation 
initiated in November of 1961, and the source, a 9,500 was 
curie Cesium 137 unit delivering high intensity gamma rad¬ 
iation, is in the irradiating position for 20 hours each 
day and in operation on a year round basis. For the re¬ 
maining 4 hours the source is shielded, making work in 
the forest possible. The basic design and operation of the 
installation is essentially the same as that described by 
Sparrow and Singleton (1953) and by Sparrow (1960) (Fig. 5). 
Source Dosimetry: The dosimetry for the gamma forest 
is shown in Fig, 6. Since the levels of exposure drop off 
rapidly with distance from the source, the changes in effect 
are quite sharply delineated. The average exposure levels 
for the various collection points are shown in Table 1. 
Table 1. 
Dose Distance Relationship in the Gamma Forest inuring 1962 
Distance from Source 
in Meters 
Average Exposure in 
r/20 Hour Day 
10 650.00 
20 160.00 
30 63.00 
40 31.00 
50 18.00 
TO 7.50 
90 3.70 
130 1.30 
170 .55 
210 .27 
Control Forest 
A ’’control forest” was established in 196 2 about a 
mile from the source in an area of similar vegetational 
composition. Here a sector line was established starting 
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from an arbitrary zero point which was designated as the 
source. Collection points were established at the same 
meter distances from the source point as are the points in 
the gamma forest* 
Insect Sampling Technique 
A technique for insect sampling was developed which 
is applicable to sampling the insects of the shrub layer 
in a relatively open forest. 
Sweep sampling is carried out with a standard Ward’s 
insect net* The net bag is 12 inches in diameter and 28 
inches deep, tapering gradually to a rounded apex. It is 
made of 22 mesh per inch nylon weave with a cloth rim and 
is attached to a 36 inch long, hardwood handle* 
Sweep semples consist of 50 sweeps of the net taken 
along two parallel lines called "swath lines" which are 
bisected at a right angle by a sector radius. The first 25 
sweeps are taken along the inner line, swath line #1, in a 
clockwise direction relative to the source. The remaining 
25 sweeps are taken in a counterclockwise direction along 
swath line #2* The swaths do not overlap at any point, and 
a single sweep consists of a 90 degree arc whose bisector 
is the swath line. A sweep is token directly in front of 
the sweeper’s body after each 2 foot pane, and the sweeps 
alternate from right to left. No sweeps are taken over an 
arc containing less than 50$ low shrub ground cover, which 
consists of all plants greater than .2 of a meter, but less 
than 1 meter in height. The low shrub layer is swept to a 
depth of about 8 inches* 
When the 50 sweeps have been completed, the net rim is 
struck sharply, and the net swept swiftly back and forth 
through the air several times in order to concentrate the 
insects in the bottom of the net* The net is then grasped 
above this concentration end the lower portion inserted in¬ 
to a wide-mouth killing jar. After the insects are im¬ 
mobilized, they and the leaf litter are transferred to a 
labeled container. In the laboratory the insects are separ¬ 
ated from the debris and placed in vials which are designated 
by the date collected, sector number, and distance from the 
source of radiation. Samples are taken at 10,20, 30, 40, 
50, 70, 90, 130, 170, and 210 meter distances' from the source. 
Collections were made each week, as close to a 7 day 
interval as the source schedule and weather conditions 
would permit. 
The same collecting technique was used in the control 
forest with the source being replaced by an arbitrary center 
point. Here only one transect was collected, that one cor¬ 
responding to sector #01 in the gamma forest. It was sam¬ 
pled the same number of times as was each individual sector 
in the gamma forest. 
Check of Sampling Technique 
A check of the sampling technique was made to determine 
any difference in collections made in the morning and after¬ 
noon. To help eliminate any depletion tendency, only one 
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side of the sector radius was sampled in the morning, 
while the other side of the sector was sampled in the after¬ 
noon. The test was run on two successive days with the side 
of the sector sampled in an ABBA sequence. (See Table 3. 
on page 28) • 
No noticeable difference could be defected between the 
collections, Fig. 13, indicating that data from the morning 
collections could be compared with data from the afternoon 
collections. Also, there was very little difference between 
one side of a sector and the other; i. e., a uniformity in 
sampling results can be expected. 
Critique of Sampling Method and Its Aims 
Sweep sampling ?as used to gain the particular in¬ 
formation for which it is best suited. The gamma forest 
is an ideal site for this technique since the stand as a 
whole, particularly the low shrub synusia, is homogeneous. 
The forest canopy is thick enough to act as an effective 
wind screen and temperature moderating influence, but open 
enough to allow light to reach the shrub layer. The woody 
stems of the shrubs prevent bending in the breeze which pene¬ 
trates the canopy. 
Other variations were minimized since collections 
V 
were made only under favorable weather conditions and at the 
same time of day. A single collector, the author, made all 
the collections so that variations in individual technique 
were avoided. Since comparison was made between collect¬ 
ions from different points for any given day, the influence 
-26- 
of changes in weather conditions was prevented. 
Not all variation could be eliminated or nullified 
since insects are seldom randomly distributed. Variation 
in density and species composition of the low shrub synusia 
influenced the sample for any particular point. Pre-irrad¬ 
iation studies showed that the denser the low shrub veget¬ 
ation the greater the insect abundance* Shrub species com¬ 
position seemed to exert only a minor influence on insect 
abundance and species composition* This resulted from the 
mobility of most insects and the small clone patchwork of the 
shrub species. In addition, many of the insect species in¬ 
volved utilize all three shrub species as food plants* 
The sweep sampling method gave an accurate indication 
of the relative numbers of insects on the vegetation of the 
low shrub layer. It did not, however, give an accurate 
cross section of all the insects present in the forest* The 
major emphasis in interpretation of results was pieced on 
the few most common species which were sampled accurately* 
Even though the numerical estimates of the population may 
be low, the relative abundance of a species along a transect 
was accurately determined* 
If the differences in vegetation are taken into con¬ 
sideration, sweep sampling offers a quick and reliable re¬ 
cord of the relative abundance of common species as well as 
the species composition of insects on the low shrub layer* 
Since this was the objective, the method was satisfactory. 
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Sampling Dates 
Sampling was limited to a single sector for any given 
day* The time of start and finish, and the temperature at 
start and finish were recorded. This information plus the 
date of collection and the sector sampled for the gamma 
forest for 1961 and 1962, and for the control forest are 
listed in Tables 2, 3, and 4. Figures 7, 8, and 9 show 
graphically the relationship between temperature and size 
of the catch, as well as seasonal abundance. There is very 
little correlation between the temperature and the size of 
the catch. In general, insect abundance was greatest in 
July and at a low in August when the warmest and driest 
weather occurred. 
Weather Summary: The general weather pattern for 
central Long Island during June, July, and August included 
warm nights with high humidity, usually e-bove 90$, and warm 
to hot days alternating with brief periods of cooler dryer 
weather. Eain, usually occurring as thunder showers, was 
frequent during the summer. 
Table 2. 
Sampling Information .for Control Forest 1962 
Date Sector # Time Temp. in Degrees C. 
Start Finish Start Finish 
6- 7-62 2: 30 PM 3:20 PM 25 24 
6-27-62 — 3:05 Vhl 3:45 PM 25 26 
7-10-62 2:50 PM' 3:30 PM 27 27 
7-28-62 — 2:00 PM 2:50 PM 25 25 
8-15-62 — 2:00 PM 3:00 PM 24 23 
9- 3-62 1:00 PM 1:50 PM 22 22 
28- 
Table 3, 
Sampling Information for Gamma Forest 1961 
Date Sector # Time Temp* in Degrees C. 
St art Finish Start Finish 
7-10-61 05 mam mm _ 
7-18-61 05 mmmm 
7-26-61 05 m*mm , .... mmmmm- . 
8- 7-61 13 9:45 m 10:45 AM 22 26 
8- 7-61 13 3:20 PM 4: 20 PM 29 26 
8- 8-61 13 9:45 AM 10:45 AM 26 27 
8- 8-61 13 3:10 PM 4:00 PM 27 26 
8-14-61 05 2:55 PM 4:00 PM 26 23 
8-22-61 13 3:10 PM 4:00 PM 27 25 
8-28-61 01 3:15 PM 4:00 pm 28 27 
9- 4-G1 01 3:00 PM 3:45 PM 27 27 
Table 4* 
Sampling Information for Gamma Forest 1962 
Date Sector # Time 
Start Finish 
Temp* in 
Start 
Degrees C, 
Finish 
6- 4-62 01 2:45 PM 3:45 PM 25 23 
6-14-62 13 2:00 PM 2:50 PM 25 25 
6-18-62 01 3:05 PM 3:50 PM 24 22 
6-26-62 13 3:00 PM 3:45 PM 29 26 
7- 1-62 05 10:50 AM 11:40 AM 24 25 
7- 3-62 05 10:30 AM 11:45 AM 20 23 
7- 6-62 01 2:25 PM 3:10 PM 23 24 
7-14-62 01 12:45 m 1 s-30 PM 25 25 
7—20—6 2 13 3:05 PM 3:45 PM 28 27 
7-24-62 13 2:30 PM 3:20 PM 24 23 
7-30-62 05 2:30 PM 3:10 PM 27 28 
8- 6-62 05 3:15 PM 4:00 PM 30 29 
8-12-62 01 3:05 PM 3:50 PM 25 24 
8-22-62 01 2:00 PM 2:50 PM 24 23 
8-30-62 05 2:10 PM 3:10 PM 27 27 
9- 4-62 13 2:10 PM 2:55 PM 25 23 
9-22-6 2 01 2:15 PM 3:00 PM 13 15 
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EXPEBIMENTAL RESULTS 
Taxonomic Analysis 
In the gamma forest in 1961 a total of 7,717 arthro¬ 
pods was collected in 11 collections, 5,368 of which were 
insects. Of the 19,448 arthropods collected in the con¬ 
trol and gamma forests during 1962, 16,642 were insects and 
2,761 were spiders. The insect totals were 11,137 taken in 
17 collections in the gamma forest and 5,505 taken in 6 
collections in the control forest. 
The arthropods other than insects were identified to 
order, while most of the insects were identified to family. 
Large groups of closely related families were keyed only to 
superfamily, for example, Chalcidoidea. Lepidoptera were not 
classified to family because of their battered condition and 
the lack of any outstandingly abundant species. Species 
which formed an important part of the low shrub insect com¬ 
munity were identified to species by specialists. The abund¬ 
ance of each family per collection point for each collection 
date is on file at Brookhaven National Laboratory. 
The following is a list of the orders and families ob¬ 
tained during the summers of 1961 and 1962 in the gamma for¬ 
est. The abundance of different species ranged from a sin¬ 
gle individual to species present in all collections. The 
relative abundances are indicated by the numeral following 
the group name. The key to abundance is given at the end of 
the list. 
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List of Arthropods Present 
Phylum ARTHROPODA 
Class AR ACM IDA 
Order Chelonethida 1* 
Phalangida 2* 
Acarina 1. 
Araneida 4* 
Class Hexapoda 
Order Collembola 
Family Sminthuridae 3, 
Order Odonata 
Family Libellulidae 1, 
Coenagrionidae 1. 
Order Orthoptera 
Family Tettigoniidae 2* 
Blattidae 1, 
Order Psocoptera 
Family Psocidae 4* 
Order Thysanoptera 
Family Phloeothripidae 1, 
Order Iiemiptera 
Family Miridae 2* 
Reduvii&ae 2, 
Nabidae 1. 
Tingididae 1* 
Neididae 1* 
Lygaeidae 1* 
Aradidae 1• 
Pentatomidae 1* 
Order Homoptera 
Family Membracidae 3, 
Cercopidae 4* 
Cicadellidae 4, 
Fulgoridae 3# 
Psyllidae- 1. 
Aleyrodidae 1. 
Aphididae 2, 
Coccidae 1* 
Order Neuroptera 
Family Hemerobiidae 1. 
Chrysopidae 1* 
Order Coleoptera 
Family C&rabidae 1* 
Histeridae 1. 
Siaphylinidae 1. 
Caniharidae 3* 
Lampyridae 1* 
Lycidae 1* 
Malachiidae 1. 
Dasytidae 1, 
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Cleridae 3, 
Elateridae 2, 
Buprestidae 2* 
Phalacridae 1, 
Nitidulidae 1, 
Coccinellidae 2* 
Mordellidae 1. 
Melandryidae 2* 
Anobiidae 1. 
Scarabaeidae 1. 
Cerambycidae 1, 
Chrysomelid&e 3* 
Curculionidae 1* 
Scolytidae, 1. 
Order Mecoptera 
Family Panorpidae 1. 
Order Triehoptera 
Family Hydropsychidae 1. 
Phryganeidae 1. 
Order Lepidoptera 3, 
Order Diptera 
Family Anisopodidae 1* 
Ptychopteridae 1. 
Culieidae 1. 
Tipulidae 1, 
Chironomidae 1. 
Mycetophilidae 2. 
Sciaridae 1* 
Cecidomyiida-o 2, 
T&bonidae 1. 
Therevidae !• 
Scenopinidae 1. 
Acroceridae 1. 
Asilidae 1. 
Empididae 3, 
Dolichopodidae 4. 
Phoridae 1. 
Pipunculidae 1. 
Syrphidae 1 * 
Otitidae 1. 
Trypetidae 1. 
Lauxaiiiidae 2* 
Sciomyzidae 1. 
Drosophilidae 1* 
Chloropidae 2, 
Tachinidae 1. 
Calliphoridae 2. 
Muscidae 2# 
Anthomyiidae 1. 
Order Hymenoptera 
Family Tenthredinidae 2* 
Ichneumonidae 3, 
Braconidae 3, 
Chalcidoidea 2* 
Chalcididae 2, 
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Figitidae 1. 
Cynipidae 1* 
Svaniidae 1. 
Diapriidae 1, 
Scelionidae 1* 
Bethylidae 1. 
Tiphiidae 2* 
Mutillidae 1* 
Formicidae 4, 
Vespidae 1. 
Pompilidae 1. 
Ampulcidae 1. 
Specidae 2* 
H&lietidae 1. 
The key to abundance is as follows: 
1* Scarce (1-10 individuals per season) 
2* Occasional (10-50 individuals per season) 
3. Moderate numbers (50-1.00 individuals per season) 
4, Abundant (100 plus individuals per season) 
Discussion of Taxonomic Groups 
Four orders of Arachnida were represented: Chelonethida, 
Fhalangida, Acarina, and Araneida, the latter being by far 
the most abundant. Spiders represented 31$ of the total 
arthropods in 1961, but only 8$ of the total in 1962. 
Fourteen orders of insects were present in the sam¬ 
ples. Of these, Odonata, Orthoptera, Thyson optera, 
Neuroptera, Mecoptera, and Trichoptera were represented by 
only occasional individuals. 
The Collembola were represented by a single family, 
Sminthuridae, which was abundant early in June. Only one 
species comprised the material collected. This was 
Sminthurus facialis Banks, a species previously recorded 
from only two localities in New York (Maynard, 1951). 
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The Psocoptera were also abundant, especially at the 
end of the summer* There was a small complex of about 0, 
half-dozen species, the most common being Metyloohorus 
novaescoliae (Walker)* 
The Herniptera were poorly represented by only eight 
families* The only two that occurred with frequency were 
Miridae and Reduvii&ae. One species of mirid comprised 
the bulk of that family. Two species of reduviids, Zelus 
exsanguis Stal* and Sinea diadema Fab., were present in 
about equal proportions and almost exclusively as nymphs. 
The Homoptera were well represented, 8 families being 
present. The Cercopidae and Cicadellidae were very abundant, 
while the Membracid&e and the Fulgoridae were present in 
moderate numbers. The Cercopidae were represented almost 
entirely by one species, Clastoptera proteus Fitch, which 
was the most abundant species in the samples. It comprised 
8$ of the total catch and was especially abundant during 
midseason. The Cicadellidae were also abundant, and al¬ 
though several species were present, only one occurred in 
large numbers. This was Scaphytopius magdalensis (prov.) 
which was most abundant in June and September. This species 
comprised 7$ of the insect total. 
Twenty-two families of Coleoptera were represented, 
many of which had only a few individuals taken during the 
entire summer. The most abundant families were Cleridae, 
Cantharidae, Melandryidae, and Chrysomelidae. The Cleridae 
were represented by a complex in the genus Phyllobaenus. in 
-34— 
which the most abundant species were p. pallipennis (Say) 
and P. humeral is ( Sav). 
In the Diptera, 29 families were identified. There 
were others among the Nematocera and Acalyptratae which 
were not identified to family. The most abundant family 
was the Dolichopodidae, which was followed by the Empididae 
in numbers. Most of the families were relatively scarce 
and seemed to contain many species. 
The Hymenoptera were represented most abundantly by 
the Formicidae, Other abundant families were Ichneumonidae, 
Braconidae, and Chalcididae. Other Chalcidoidea were also 
plentiful, and many families in this group were represented. 
The Braconidae and Ichneumonidae were represented by many 
species which were not identified. 
Analysis of the Bata 
Effects of Radiation on Plant Community Structure 
Changes in vegetation density and species composition 
had the greatest influence on changes in the insect com¬ 
munity. The effects of exposure of plants to radiation 
ranged from death, through varying degrees of growth inhib¬ 
ition, to more subtle effects on reproductive capacity. 
Under chronic radiation, sensitive species were killed, 
and colonization by more radio-resistant species is occurring. 
Perennial species are more sensitive to long term exposure 
because they accumulate damage over a period of several 
years. Figure 10 shows an aerial view of the gamma forest 
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after continuous radiation for a period of about 8 months. 
This shows the area of initial tree kill; the pines in the 
damaged area appear to have live crowns, but these are act¬ 
ually composed of dead needles. The source mast is visible 
in the center of the forest. 
Differences in sensitivity among plant species pro¬ 
duced a zonation of vegetation, five zones of effect being 
clearly distinguishable (Fig. 11): a zone of total kill of 
all higher plants; a sedge zone; a heath-shrub zone; an oak 
zone; and, at lower levels of radiation, the oak-pine forest. 
The breaks are not sharp lines as the graph of low shrub 
death and leaf development shows (Fig. 12). This is partly 
due to the presence of "radiation shadows’* behind larger tree 
trunks where shrubs survive because of the attenuation of 
radiation by the wood of the trunks. The low shrub synusia 
had 50$ of the normal leaf development at about 30M (63r/day). 
The differential sensitivity of the two major canopy species, 
white oak and pitch pine, are shown in Figure 11. The pine 
is much more radio-sensitive than the oaks. 
Insect Abundance Gradients 
Pre-irradiation Gamma Forest; The abundance gradients, 
number of individuals plotted against distance from the source, 
for the pre-irradiation summer of 1961 are shown in Figures 
13 and 14. These gradients show the anticipated amount of 
variation between individual points. There was no particular 
correlation between high or low points in one sector and those 
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in another. However, there was a correlation between high 
and low points for the same sector on different collecting 
dates. For example, point 170M for 05 was usually low as 
compared to point 210M; for sector 13 the trend was reversed 
because of vegetational influences. 
A summation of insect abundance for each point for the 
summer showed a slight upward trend outward from the source 
(Fig. 15)• This was associated with the general density of 
the low shrub vegetation which also increased outwardly from 
the source (Fig, 1). The slopes of the two lines are remark¬ 
ably similar. When the low shrub density for any particular 
sector was compared with the abundance gradients for that 
sector, most of the variation could be explained. 
The species composition of the low shrub synusia may 
have played a role in abundance differences. However, the 
close correlation between vegetation density and insect abun¬ 
dance indicated that the effect of plant composition was a 
minor one. The graphs of plant composition showed the con¬ 
siderable variation along the gradients (Figs. 2-4), This 
might logically be expected to influence insect abundance 
since there were differences in insect abundance between pure 
stands of the low shrub species (Fig, 16). Differences seemed 
to be minimized since extensive pure stands were absent. 
Control Forest: Similarly, the abundance gradients for 
the control forest showed some variation between collection 
points and different dates (Fig, 17). The abundance gradient 
for the whole summer showed a level trend. Most of the 
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variation averaged out over the summer to give a uniformity 
of total catches among collection points (Fig, 15)• 
Post-irradiation Gamma Forests Changes in the insect 
community during the first summer were extensive. In con¬ 
trast to the 1961 abundance gradients, those of the irrad¬ 
iated forest were markedly different (Figs, 18-21), Instead 
of a gradual increase outward there was a great increase from 
10M (650r/day) to the SOM (I8r/day) point. The abundance at 
SOM appeared to be normal, and the abundance was similar, ex¬ 
cept for minor fluctuations, out to the 210M (,29r/day) col¬ 
lection point. The abundance of insects at the 10M point 
was only 13$ of that at the SOM point, while if the single 
order Psocoptera was neglected, it was only 5$ of the SOM 
number (Figs, 16 & 22). The insects comprising this 5$ 
were mostly transitory visitors to the area of total plant 
kill. 
Changes in vegetation brought about by radiation were 
the major factor influencing changes in insect populations. 
Insect populations react differently depending upon their own 
particular relationships with the plants concerned. In gen¬ 
eral, herbivorous species should be affected directly by 
vegetational changes, parasites and predators indirectly 
through their food sources, while scavengers and decomposers 
might be affected inversely and actually increase temporarily. 
In areas of plant mortality there was an abundance of dead 
plant material and a subsequent increase in xylophagous and 
other scavenging insects. Figure 23 shows tha/t near the 
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source insect populations were not eliminated even though 
all the vegetation was killed. At 20M (I60r/day) from the 
source the leaf development of the relatively resistant low 
shrubs was only 7$ of normal, while insect abundance was 34$ 
of normal. Herbivorous species were absent for the most part. 
Outward from the source insect abundance increased more 
gradually than the shrubs so that at 40M where the low shrubs 
had attained 99$ of their normal leaf development, the insect 
population was still only 71$ of its normal size. This red¬ 
uction might be partly explained by the fact that the forest 
canopy was only 40$ of its former density at this point, thus 
making temperature, humidiy, and insolation conditions abnor¬ 
mal. At 50M whei'e the canopy had 80$ of its former develop¬ 
ment, the insect population attained its normal size. An¬ 
other factor in the 40M reduction could have been a reduced 
suitability of the shrubs even though they appeared to be 
fully foliated. 
Species Diversity 
As in other types of disturbed ecosystems, insect 
species and family diversity decreased at high radiation 
levels. For the consolidated collections of July 1 and 3, 
37 insect families were collected at SOM (lBr/day), while at 
10M (650r/day) only 6 families were represented (Fig. 38). 
For the entire season 57 families were recorded from SOM 
but only 19 from 1QM; at the latter point these families 
were often represented by only one or two individuals. This, 
coupled with increased food availibility for a few species, 
-39- 
favored their numerical dominance of the insect community 
at high radiation intensities* 
Effects on Specific Insect Populations 
Changes in insect populations of single species or 
closely related groups depend on a great variety of inter¬ 
actions* Reactions to changes in vegetation vary with the 
intimacy of association with the plants. The range of tol¬ 
erance of the species to the changed physical conditions and 
species sensitivity to radiation also play a part* Different¬ 
ial sensitivities of interacting populations, such as predator 
and prey, could cause considerable abundance changes. 
Most phytophagous insect groups seemed to be affect¬ 
ed to the greatest extent by changes in their food plants* 
Since plants differ widely in sensitivity, the insect popu¬ 
lations reacted accordingly. Phytophagous populations such 
as Cicadellidae and Cercopidae had very low numbers near the 
source but built up rapidly to about normal at the SOM point 
(Figs. 25 & 26). The dercopid, Clastoptera proteus, was re¬ 
duced much more than the cicadellid, Scaphytopius magdalensig. 
for at the 20M point it had attained only 1.5$ of its normal 
population size, while S. maffdalensis was 43$ of its normal 
abundance. There appeared to be a considerable lag in the 
build-up of S. magdalensis and C. proteus populations since 
at 40M the vegetation had 99$ of its normal leaf development, 
while species abundance was only 65$ and 28$ respectively of 
the normal (Figs. 27 &28). Another interesting reaction of 
the C. proteus population was that at 70M (7.5r/day) it 
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attained a population 47% higher than the normal population. 
The population dropped back to the normal level by the 90M 
point (3.7r/day). This abundance was at a point where no 
increase was noted in 1961, and was not anticipated, since 
the vegetation was sparser here than at points further out, 
■ c 
This increase in abundance just beyond the point of no re¬ 
duction was evident in many of the populations. It could 
be explained by a weakening of the vegetation thus predis¬ 
posing it to insect attack, or it might have resulted from 
an outward migration of insects from the affected area, 
S. magdalensis. however, showed no similar increase. 
Populations of predators and parasites also showed a 
change in abundance similar to the trends of phytophagous 
insects* The population of Ichneumonidae, a parasitic 
group, built up from none at 10M to a mean population fig¬ 
ure of 36 at 40M. At the SOM point it increased to 53 in¬ 
dividuals which is well above the average population value 
(Fig, 29). Other parasitic groups, the Braconidae and the 
Chalcidoidea, (Fig, 29), showed similar population trends to 
that of the Ichneumonidae, The abundance of a predaceous 
group, the Cleridae, showed a remarkable similarity to the 
parasitic groups, also attaining a high point at SOM and then 
dropping off slightly (Fig. 30). Another predaceous group, 
the Araneida, showed the same general trend (Fig. 31). 
This population showed more variation, but the consistent 
rise from a low point near the source was the same as for 
other groups. Finally, the Formicidae, a group with various 
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food habits showed the same sudden increase with an abnormal¬ 
ly high peak at BOM and a decrease in abundance farther away 
from the source (Pig* 32)* 
Parasitic and predatory groups would be expected to 
react in accordance with changes in abundance of their host 
species* They might be affected to a lesser extent then 
phytophagous insects because of the indirect nature of the 
effect, and this is borne out by the graphs* The consistent 
peak at BOM is difficult to explain, however, since the 
abundance of their host species seemed to attain its maximum 
at 70M, instead of at BOM. It could be due to some differ*- 
ence in host condition or to the changed physical conditions 
of the environment* 
One population of insects, the Psocoptera, did not 
react as did the others* Instead of a dramatic reduction 
in abundance at the 10M point, the population remained at 
77$ of the normal. However, at the 20 and SOM points, the 
population increased to an abundance much greater than that 
in any other po,rt of the forest. These points were respect¬ 
ively 194 and 184$ of the normal population abundance (Fig. 33). 
Again, the graphs for the proceeding summer showed no such 
fluctuations. The 194$ abundance at the 20M point was in 
contrast to a low shrub leaf development of only 7$ of normal. 
Several factors probably influenced the shape of the 
abundance gradient of the Psocoptera. First, since this 
group is largely fungivorous, it might be expected that an 
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increase in food availability could cause a b\iild-up near 
the source. The possible absence of parasites and pred¬ 
ators could also contribute to this effect, but one would 
have to suppose the enemies to be more radio-sensitive than 
the Psocoptera. The fact that the Psocoptera built up to 
such high levels, at exposure rates of 650r/day at 10M to 
63r/day at 30M, suggests that they are relatively radio¬ 
resistant, at least more so than most other insects in the 
habitat. Since the numbers were reduced at 650r/day while 
the food supply seemed to be as favorable there as at 2GM, 
this depletory effect might be attributed to direct radiation 
effects. This assumption is tentative at the moment, and 
laboratory studies of actual sensitivity are needed to 
clarify this point. If the life cycle is actually completed 
at exposure rates between 50r/day and 300r/day as it appeared 
to be, this is indeed a resistant insect. 
The abundance gradient for another primitive group, the 
/ 
Sminthuridae, which are also fungivorous, is shown in Figure 
35. There is a close resemblance between it and the one for 
Psocoptera. Sminthurus freiadis appeared to be more sensit¬ 
ive to radiation, since at 10M and 20M the population was very 
low, 6 and 28$ respectively of the normal (Fig* 36), In this 
case the peak abundance, much greater than the normal popu¬ 
lation levels, was at 30M and 40M. As with the Psocoptera, 
there was & slight decrease just beyond the peak, and then 
the population returned to normal. 
The Psocoptera underwent a population explosion type of 
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phenomenon which caused this single species complex to dom¬ 
inate, at least numerically, the insect community at high 
radiation levels (Fig. 22). They were more abundant than 
all other insects combined at levels greater than 140r/day. 
The same explosion phenomenon was true for the collemboian, 
Sminthurus fa cialis, but to a lesser extent. 
Direct Radiation Effects 
That radiation should exert some direct effect upon 
insect populations is self evident. This effect, being 
smaller than vegeiationally influenced change, is masked 
and therefore, hard to determine exactly. Such an effect 
was indicated strongly by decreases in population abundance 
of insects which are fungivorous, such as Collembola at the 
10M and 20M points, and Psocoptera at 10M, even though food 
was probably as abundant as farther out where populations 
were much greater than normal. Food could be less plentiful 
near the source, but this seemed unlikely since one group, 
the Collembola, was abundant early in the summer, while the 
other, the Psocoptera, was most abundant late in the season. 
Aside from the above groups which might increase be¬ 
cause of a more plentiful food supply, many other populations 
also showed an abundance greater than normal just beyond the 
area of population reduction. The abundance of C. proteus 
showed this effect best (Fig. 28), although it was evident 
in most other populations. The foliage appeared to be nor¬ 
mal at the point of greo,test insect abundance, but food was 
actually less abundant than farther out {Fig. 1)• 
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Radiation might weaken the shrubs slightly and predispose 
them to insect attack, thus causing an increase in population 
size. This would hardly explain the peaks in predator and 
parasite abundance which did not coincide with those for 
phytophagous species. The most obvious explanation is thet 
the insects emigrated outward from the zone of dead or sparse 
vegetation. This is not likely, however, for it does not 
explain the lack of correlation between parasite-host and 
predator-prey peak abundances. Also, individuals of a high¬ 
ly vagile species should occur near the source as transients. 
However, C, proteus was conspicuously absent from this area. 
Increases due to population movement are also refuted by the 
fact that most immature stages are fairly sedentary, and 
even if these insects did complete development, their mat¬ 
uration would have been delayed as evidenced by laboratory 
studies# Thus, if insects emigrated outward after having 
completed development, the peak abundance of the areas in¬ 
to which they moved should also have been delayed. In con^ 
trast, the peak abundance was not delayed and may have been 
even earlier than the normal as with C. proteus at the point 
of greatest population abundance. The peak can be explained 
by supposing a stimulatory effect of radiation on the popu¬ 
lation, similar to those which have been observed in the 
laboratory experiments with populations irradiated with low 
doses. 
Another strong indication of direct effect was noticed 
on the two most abundant populations which both showed a 
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definite seasonal cycle. Figure 37 shows that the peak 
seasonal abundance for the S, ma-gdalensis and C. proteus 
populations was delayed near the source. The correlation 
between delay in peak abundance and size of the total sum¬ 
mer population for any given point as shown in Figures 25 
and 26 was remarkable. 
For S, magdalensis the date of peak abundance showed 
a gradual inhibition from the normal of July 15 at all 
points SOM and beyond to July 3 at the 10M point (Fig. 37). 
Similarly, total abundance was normal for the 50M point, 
while there was a reduction to low numbers at the 10M point 
(Fig. 25). For C. proteus the correlation was even more 
striking. The abundance gradually increased from 10M to 40M 
and then from 40M to BOM there was a very sudden rise in 
abundance. At the 70M point the population had a greater 
than normal size which dropped to normal by 90M (Fig. 26). 
The graph for peak abundance shows a similar pattern. The 
delay was very great from 10M to 40M, being as much as 2-§- 
weeks. A very sudden rise to July 3 at SOM indicated a 
slight stimulatory effect similar to the one seen in the pop 
ulation abundance curve. The peak abundance for all remain¬ 
ing points was on July 6 (Fig, 37)• The abundance associat¬ 
ed with these peaks showed even more clearly the marked de¬ 
laying effect of radiation on development (Table 7). At 
90M there were over twice as many individuals on July 6 
as on July 3. However, at SOM, where there appeared to be 
a stimulatory effect, the trend was reversed. On July 3 
there were over twice the number of individuals present as 
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on July 6. Moreover, at 30M on July 6 there were no in¬ 
dividuals, while 2|- weeks later a peak of 15 individuals 
was reached* 
Part of the delay could have been due to a reduction 
in food availability near the source. However^, evidence 
that radiation caused at least part of the delay is strong* 
At 40M where the low shrub vegetation appeared normal the 
peak abundance of C. proteus was delayed 15 days. An even 
stronger indication of direct effect was the earlier than 
normal peak abundance which occurred at 50M* This could be 
explained by radiation stimulation but is unlikely to have 
been caused by changes in food plants. In addition, labor¬ 
atory studies have given ample evidence that radiation can 
cause delays in rate of development. 
-47 
CONCLUSIONS 
In this study it was not possible to separate the mag¬ 
nitude of direct radiation effects on insects from those 
caused by vegetational changes. Changes in insect populat¬ 
ions of single species or closely related groups depended on 
a variety of interactions. Reactions to changes in vegeta¬ 
tion varied with the intimacy of association with the plants. 
The range of tolerance of the species to the changed physic¬ 
al conditions and species sensitivity to radiation also played 
a part. Most phytophagous insect groups seemed to be affected 
to the greatest extent by changes in th£ir food plants. 
Since plants differ widely in their sensitivity, the insect 
populations reacted accordingly. 
Phytophagous insects were, for the most part, absent 
from the area of higher plant kill. Parasites and predators 
of these insects were also absent from this area. Populations 
of insects which feed on fungi increased in abundance in the 
zone of active decomposition. Large, strong flying predatory 
insects such as Tabanids and Odbnata, were present as transi¬ 
tory visitors. At a point where the plant community showed 
no apparent effect of radiation, the insect community also 
seemed to be normal. 
Direct effects of radiation on insect populations 
could not be measured, but several facts indicate that there 
was some direct effect. Abundance of fungivorous species was 
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reduced near the source, although decomposition was evi¬ 
dent in this area, A developmental delay observed ir. some 
populations could also have been caused by radiation. 
The delicate balance maintained in community-organism 
interrelationships may be upset by low levels of radiation. 
The primary producers in terrestrial ecosystems, being rel¬ 
atively radio-sensitive, could be debilitated by very small 
amounts of radiation and thus predisposed to insect attack. 
Insects in general are more resistant, and if unusually 
large amounts of suitable food became available, populations 
could increase to outbreak proportions. 
Before environmental levels of radiation are raised 
appreciably the short and long term effects of low levels 
of chronic radiation on communities and ecosystems should be 
studied extensively. This study has attempted to elucidate 
some of the short term effects of such radiation stress on 
a naturel community, with emphasis on the insect component. 
A great deal of study of radiation-community interactions 
is now urgently needed, making radioecology an increasing¬ 
ly important field. 
•**4 0 *** 
SUMMARY 
Very little is known about the effects of radiation 
on arthropod populations. Completely unstudied are the 
possible changes in natural communities resulting from chron¬ 
ic irradiation. The present study was designed to elucidate 
some of the effects. 
A project was established in 1961 at Brookhaven Nat¬ 
ional Laboratory to study the effects of chronic gamma rad¬ 
iation on the insect fauna of a natural forest community. 
Pre-irra,diation studies were carried out during the summer 
of 1961. The forest was irradiated for 20 hours a day 
starting in November of 1961. Intensive studies of both 
the animal and plant communities were made during 1962. 
The study area is a typical stand of pitch pine-oak 
growing on a dry sandy soil. The low shrub synusia is com¬ 
posed of blueberries and huckleberries. The circular "gamma 
forest” is divided into 16 pie-shaped sectors with the gamma 
source forming the center. Each sector is bisected by a sec¬ 
tor radius, along which, distances from the source are meas- 
137 
ured in meters. The source, a 9,500 curie Cesium unit 
delivering high intensity gamma radiation, is in the irrad¬ 
iating position for 20 hours each day and in operation on a 
year round basis. For the remaining 4 hours the source is 
shielded and work in the forest is possible. The intensity 
of radiation drops off rapidly from 650r/dey at 1QM to only 
31r/day at 40M from the source. A nearby area was set aside 
as a control forest 
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A sweep sampling technique was developed and employed 
which gave reliable samples of the low shrub insects. Col¬ 
lections were made in one sector each week, with samples 
taken at 10 different distances from the source* Only 
samples taken on the same day under similar conditions, but 
at different radiation intensities, were compared. Thus, 
most of the variability in results was minimized. In 1961 
a total of 11 collections was made, while in 1962, 17 col¬ 
lections were made in the gamma forest and 6 in the control 
forest. In 1961 a total of 7,717 arthropods was collected 
in the swedp samples, 5,388 of which were insects. Of the 
19,448 arthropods collected during 1962, 18,642 were insects 
and 2,761 were spiders. The arthropods other than insects 
were identified only to order, while most of the insects 
were identified to family. The most common insects were 
identified to species where feasible. 
Two classes of arthropods were collected, Arachnida 
and Hexapoda. Four orders of Arachnida and 14 orders of in¬ 
sects were represented in the collections. Over 100 fam¬ 
ilies of insects were recognized, with many moi'e being pres¬ 
ent but identified only to order, suborder, or series, 
A cercopid, Cl sat out era. proteus. was the most abundant 
species, especially at mid-season. A cic&ieXXid, SearhvtoT^ius 
m a# d alert sis. was most abundant early in the season with a 
secondary peak late in the season. Also, quite abundant late 
in the season were psocids, dominated by ; letylophorus 
novaescotine. Early in the season a collembolon, Sminthurus 
facjails. was present in considerable numbers* 
Radiation has extensive aft vets on plants, end even 
low levels of chronic radiation cm markedly influence the 
vegetation of m area* la the gamma forest the low shrubs 
were almost devoid of foliage at the 1GM point after 8 months 
of irradiation* The amount of leaf development increased 
outwardly from the source and appeared normal at about 05M* 
In contrast, the oaks appeared normal at about 4BU md the 
pines at SOM* 
In 1961, before radiation was initiated, the abundance 
gradients, number of insects plotted against the distance 
from the source, were quite uniform* The total abundance for 
the summer increased only slightly outwardly from the source, 
corresponding to m inereass In vegetation density* The 
total abundance gradients for the control forest in 1962 
were level* Small variations between points averaged out 
over the summer and the total insect abundance for each point 
showed little variation* 
In contrast, the abundance gradients for the gusesa 
forest in 1961 were greatly lowered near the source* Neg¬ 
lecting Psocoptere, insect abundance at the 10M point was 
only 5f4 of the normal* The abundance increased rapidly and 
attained & normal size for most species at tho SOM point* 
Hour the source the leaf feeding species were mostly absent} 
the insects present were fungivorous or forms with omple vag- 
ility to move in and out of the area* 
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The abundance gradients for most species were very 
similar to the one for total insects. This was especially 
true for herbivorous species and their parasites and pred¬ 
ators, In many of the populations a slight stimulatory 
effect was indicated by abundance greater than normal just 
beyond the point where the population reached its normal 
size. This could have been caused by the stimulation of low 
levels of radiation or by an outward emigration of insects 
from the area near the source. Two populations, the Psocoptera 
and the Collembola, did not follow the general trend for abun¬ 
dance. The psocopteran population was reduced only slightly 
at the 10M point, while at 20 and 30 meters the population 
was almost double the normal abundance. This was in an area 
of very little leaf development on the low shrubs. The 
collerabolan population was reduced much more near the source 
but had a peak abundance at 30 and 40 meters which was much 
higher than the normal population level. Species diversity 
was also greatly reduced near the source. 
The greatest changes in insect populations resulted 
from vegetational changes which perhaps masked less striking 
direct effects. The fact that radiation did have some direct 
effect was indicated by several factors. First, although 
food for fungivorous forms such as Collembola and Psocoptera 
seemed to be plentiful in the area of low shrub death, their 
abundance near the source was less than further out where 
populations were actually greater than normal. Another and 
more definite sign of direct radiation effect was the delay 
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in peak abundance and thus probably maturation for Cicadellidae 
and Cercopidae near the source. This delay was as great as 
2| weeks for both groups. The peak abundance occurred on the 
same date for all points beyond 50 meters for each group. 
At the 50M point where abundance of C. -proteus was greater 
than normal, there appeared to be a slight stimulatory 
effect on the date of peak abundance, since it occurred 3 
days earlier than the normal. 
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Table 5. 
Insect Abundance 
Gamma Forest 1962 
Date 10M 20M 30M 40M SOM 70M 9GM 130M 170M 210M 
6- 4-62 6 18 92 104 99 104 161 138 98 83 
6-15-62 9 29 45 82 110 109 97 128 160 88 
6-18-62 10 20 53 74 65 62 63 80 88 63 
6—26—62 23 49 48 56 96 106 88 108 128 107 
7- 1-62 12 32 36 60 113 118 89 115 120 132 
7— 3—62 11 27 48 68 157 191 91 134 144 160 
7- 6-62 10 17 41 46 106 149 116 126 163 137 
7-14-62 7 19 60 55 117 109 76 111 110 69 
7-20-62 14 24 42 79 98 106 79 104 129 95 
7—24—62 16 21 65 100 111 108 75 104 133 120 
7-30-62 11 24 40 62 59 59 44 69 107 60 
8- 6-62 7 23 31 58 60 46 49 77 48 67 
8—12—62 8 24 49 45 55 38 39 33 49 40 
8—22—62 7 18 67 62 59 31 38 38 23 44 
8-30-62 1 13 22 41 46 46 25 80 40 49 
9- 4—62 14 27 57 29 73 53 37 53 69 47 
9-22-62 24 125 107 37 83 76 82 79 50 54 
Total 190 510 903 1108 1507 1511 1249 1577 1664 1415 
Gamma Forest 1961 
7-26-61 18 41 53 ** 32 37 62 49 34 70 
8- 7-61 45 65 44 53 76 66 81 122 81 
8- 7-61 41 48 55 •** 69 63 63 85 110 96 
8- 8-61 41 71 58 **» 93 89 74 66 64 53 
8- 8-61 51 35 44 59 63 66 82 111 57 
8-14-61 29 61 36 mm md 52 65 43 58 57 70 
8-22-61 49 72 24 33 53 53 52 68 58 
8-29-61 47 41 37 *■ 45 49 50 35 35 37 
9- 4-61 62 74 70 mm mm 51 51 65 55 49 67 
Total 383 508 421 492 546 607 588 699 656 
Control Forest 1962 
6- 7-62 115 130 129 124 123 107 91 105 104 88 
6-27-62 103 104 79 69 67 80 100 75 127 103 
7-10—62 121 112 118 157 114 104 114 158 166 110 
7-28-62 65 97 106 93 69 98 72 104 90 76 
8-15-62 66 64 45 68 62 56 52 54 69 78 
9- 3-62 71 87 69 76 67 88 39 59 80 88 
Total 541 594 546 587 502 533 468 555 636 543 
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Table 6. 
Abundance of Scaphytopius magdalensis (Cicadellidae) 
Gamma Forest 1962 
Date 10M 20M 30M 40M SOM 70M 90M 130M 17 0M 210M 
6- 4-62 0 0 1 7 9 11 24 36 9 6 
6-15-62 3 8 4 9 25 38 37 35 33 27 
6-18-62 1 4 7 11 16 20 26 31 28 23 
6-26-62 1 10 9 7 19 25 24 25 26 12 
7- 1-62 3 5 6 7 9 7 5 12 9 7 
7- 3-62 5 11 4 10 13 8 5 11 9 8 
7- 6-62 0 3 5 5 7 5 3 2 4 6 
7-14-62 0 7 4 4 8 4 3 6 3 2 
7-20-62 1 3 1 5 2 1 0 3 6 3 
7-24-62 3 2 5 3 7 8 5 5 5 4 
7-30-62 0 0 4 5 1 1 4 0 3 3 
8- 6-62 0 0 0 2 4 0 1 0 1 0 
8—12—62 0 1 2 0 0 1 2 1 1 2 
8—22—62 0 1 3 5 2 2 2 1 1 3 
8—30—62 0 0 1 1 2 3 4 1 5 6 
9- 4-62 0 1 4 1 4 2 4 3 3 3 
9-22-62 0 8 13 15 13 6 21 15 5 12 
Total 17 64 73 97 141 
Gamma Forest 
142 
1961 
170 187 151 127 
7-26-61 0 3 4 0 0 7 4 1 4 
8- 7-61 1 2 2 - 3 7 5 5 8 3 
8- 7-61 4 1 4 •W* 7 3 3 11 6 3 
8— 8-61 1 3 3 Ml 5 6 5 5 7 1 
8- 8-61 2 2 5 «* 4 3 1 3 9 4 
8-14-61 5 1 3 - 2 5 4 3 7 9 
8-22-61 6 7 5 - 7 5 5 4 4 9 
8—29—61 11 11 5 9 3 3 5 9 4 
9- 4-61 18 36 19 16 15 13 15 15 11 
Total 48 66 50 
Control 
53 47 
Forest 1962 
46 55 66 48 
6- 7—62 30 16 21 17 17 18 13 20 19 14 
6-27-62 7 3 7 7 5 4 12 7 10 9 
7-10-62 1 1 3 4 2 7 6 5 6 3 
7-28-62 0 0 2 1 2 1 1 2 3 2 
8-15-62 1 0 1 1 0 0 1 0 1 0 
9- 3-62 9 5 3 11 5 S 4 4 7 9 
Total 48 25 37 41 31 38 37 38 46 37 
-61- 
Table 7. 
Abundance of Clastoptera Proteus (Cercopidae) 
Gamma Forest 1962 
Date 10M 20M 30M 4 DM SOM 70M 90M 130M 17 0M 210M 
6- 4-62 0 0 0 0 0 0 0 0 0 0 
6-15-62 0 0 0 0 0 0 0 0 0 0 
6-13-62 0 0 0 0 0 0 0 0 0 0 
6-26-62 0 0 0 0 0 1 3 2 1 12 
7— 1—62 0 0 0 0 30 35 13 38 31 46 
7- 3-62 0 0 0 3 63 89 29 42 44 55 
7- 6-62 1 0 0 5 30 92 70 72 91 73 
7-14-62 0 0 12 14 26 39 27 16 19 8 
7-20-62 0 0 7 19 15 14 5 8 11 11 
7-24-62 1 2 15 13 14 7 5 8 11 11 
7—30—62 0 0 6 4 5 4 2 2 1 2 
8— 6—62 0 1 2 1 0 0 0 0 0 0 
8—12—62 0 0 0 0 0 0 0 0 0 0 
8—22—62 0 0 0 0 0 0 0 0 1 0 
8-30-62 0 0 0 0 0 0 0 0 0 0 
9- 4-62 0 0 0 0 0 0 0 0 0 0 
9-22-62 0 0 0 0 0 0 0 0 0 0 
Total 2 3 42 59 183 2S1 154 188 210 218 
7-10-61 7 
Gamma 
21 
Forest 
- 39 
1961 
24 10 23 12 19 
7-18-61 * 18 6 27 25 17 8 23 13 
7-26-61 1 6 7 <•* 3 3 9 8 4 7 
8- 7-61 0 2 0 ■**»- 1 2 1 1 7 3 
8- 7-61 0 1 3 m 0 1 4 2 0 0 
8- 8-61 1 1 2 2 0 3 0 1 2 
8— 8-61 1 2 0 - 0 0 0 0 1 3 
8-14-61 0 0 0 at* 0 0 0 0 0 0 
8-22-61 0 0 0 0 0 0 0 0 0 
8—29—61 0 0 0 0 0 0 0 0 0 
Total - 37 39 72 55 44 42 48 47 
Control Forest 1962 
6- 7-62 0 0 0 0 0 0 0 0 0 0 
6-27-62 10 17 17 4 1 1 8 5 11 7 
7-10-62 37 35 28 29 29 27 28 40 54 23 
7-28-62 4 2 1 2 3 4 3 4 0 2 
8-15-62 0 0 0 0 0 0 0 0 0 0 
9- 3-62 0 0 0 0 0 0 0 0 0 0 
Total 51 54 46 35 33 32 39 49 65 32 
-62- 
Table 8. 
Abundance of Ichneumonidae 
Gamma Forest 
Date 10M 20M 30M 40M SOM 70M 9QM 13QM 17 0M 210M 
6- 4-62 0 0 2 2 2 2 2 3 2 12 
6-15-62 0 0 0 2 0 4 2 1 1 2 
6-18—62 0 0 0 1 0 0 0 0 2 1 
6-26-62 0 0 0 2 1 2 0 1 3 0 
7- 1-62 0 0 0 1 4 2 1 2 4 3 
7- 3-62 0 0 1 2 4 5 5 3 12 7 
7- 6-62 0 0 0 1 2 4 6 5 1 3 
7-14-62 0 0 3 2 7 2 4 3 5 4 
7-20-62 0 0 0 2 3 4 1 1 2 2 
7—24—62 0 0 0 4 7 2 6 7 8 5 
7-30-62 0 0 1 4 3 1 3 2 6 1 
8- 6-62 0 0 0 0 3 0 3 5 2 3 
8-12—62 0 0 1 2 1 1 4 3 4 1 
8-22—62 0 0 0 2 2 1 1 5 .1 5 
8-30-62 0 0 2 0 1 1 3 1 3 3 
9- 4-62 0 0 1 0 3 2 0 3 6 0 
9-22-62 0 1 0 1 0 2 0 1 1 0 
Total 0 1 11 28 43 
Gamma Forest 
35 
1961 
41 46 63 52 
7-26-61 0 1 1 ft* 1 4 5 2 0 2 
8- 7-61 0 1 1 •ft 2 - 1 1 7 6 2 
8- 7-61 1 2 0 - 0 2 1 3 3 1 
S- 8—61 0 1 4 - 5 *✓ 3 5 S 2 2 
8- 8-61 5 1 4 ft* 2 1 5 5 2 1 
8-14-61 2 6 0 ft* 6 5 0 4 5 7 
8-22-61 1 9 0 •ft 0 2 2 2 4 5 
8-29-61 1 1 2 - 2 0 5 2 1 2 
9- 4-61 3 1 3 - 0 0 1 2 1 2 
Total 13 23 15 
Control 
18 18 
Forest 1962 
25 35 
• 
24 22 
6- 7-62 1 4 8 6 7 3 3 -L 4 5 
6-27-62 2 3 4 0 1 4 0 3 5 4 
7-10-62 4 5 4 5 5 0 4 8 8 8 
7—28—62 5 10 9 8 1 11 4 11 6 4 
8-15-62 3 8 7 2 3 5 2 6 7 5 
9- 3-62 3 8 5 3 6 3 1 1 1 5 
Total IS 38 77 24 23 26 14 30 31 31 
-63- 
Table 9. 
Abundance of Braconidae - Gamma Forest 1962 
Date 10M 20M 30M 40M 50M 70M 90M 130M 17 0M 210M 
6- 4-62 0 0 1 1 0 0 0 0 0 0 
6-15-62 0 0 0 2 1 1 0 0 0 1 
6-18-62 0 0 0 0 1 0 0 1 2 1 
6-26-62 0 0 0 3 1 1 2 2 2 0 
7- 1-62 0 0 0 2 0 0 2 1 2 1 
7- 3-62 0 1 0 2 0 1 2 2 6 0 
7- 6-62 0 0 1 0 0 0 0 1 1 0 
7-14-62 0 0 0 1 2 5 2 3 0 6 
7—20—62 0 0 0 2 4 3 1 4 •7 1 1 
7-24-62 0 0 0 8 4 5 2 4 6 5 
7-30-62 0 0 1 0 2 5 0 3 7 5 
8- 6-62 0 1 1 1 2 1 0 1 4 12 
8-12-62 0 0 2 2 3 2 3 3 2 0 
8—22—62 0 0 1 2 1 1 2 1 t 4 
8-30-62 0 0 4 0 1 3 0 4 1 2 
9- 4-62 0 0 0 1 0 0 0 1 o w 0 
9-22-62 0 0 1 0 0 0 1 1 0 1 
Total 0 2 12 27 22 28 17 32 43 39 
Table 10. 
Abundance of Chalcidoidea - Gamma Forest 1962 
Date 10M 2 DM SOM 4 DM 50M 70M 90M 130M 17 DM 21DM 
6— 4—62 0 1 0 0 1 0 0 1 1 1 
6-15-62 0 0 1 3 3 1 0 1 2 0 
6-18-62 0 0 0 2 1 0 0 0 0 0 
6-26-62 0 0 1 1 1 1 0 1 2 1 
7- 1-62 0 0 1 0 1 0 1 2 4 1 
7- 3-62 0 0 2 1 0 2 1 0 0 0 
7- 6-62 0 0 0 2 0 0 0 1 0 0 
7-14-62 0 0 0 1 3 0 1 0 0 0 
7 —20-62 0 0 0 0 1 0 0 0 1 1 
7-24-62 0 1 1 4 1 3 0 0 1 4 
7-30-62 0 0 0 3 0 0 0 2 1 0 
8- 6-62 0 0 0 0 0 0 0 0 1 1 
8-12-62 0 0 1 1 2 1 0 4 0 0 
8—22—62 0 0 2 2 1 1 0 1 0 0 
8-30-62 0 0 1 5 2 1 0 1 2 0 
9- 4-62 1 0 0 3 2 1 0 0 0 0 
9-22-62 0 0 1 0 1 0 0 0 0 1 
Total 1 2 11 28 20 11 -3 14 15 10 
-64- 
Table 11. 
Abundance of Cleridae 
Gamma Forest 1962 
Date 10M 20M 30M 40M SOM 70M 90M 130M 170M 210M 
6- 4-62 0 0 0 1 0 1 0 0 0 2 
6-15-62 0 0 0 3 1 0 0 0 0 0 
6-18-62 0 0 0 1 4 1 1 1 3 2 
6-26-62 0 0 0 0 2 1 0 1 1 2 
7- 1-62 0 0 0 1 1 1 1 1 1 0 
7- 3-62 0 0 0 2 0 0 1 1 1 1 
7- 6-62 0 0 1 2 7 1 2 1 4 2 
7-14-62 0 0 0 1 3 6 2 6 8 1 
7-20-62 0 0 0 2 2 5 3 2 2 10 
7-24-62 0 0 0 6 6 4 8 7 7 13 
7-30-62 0 0 0 4 7 4 2 2 24 8 
3- 6-62 0 0 0 S 2 1 2 7 2 3 
8—12—62 1 0 0 2 5 2 2 2 1 2 
8-22-62 0 0 3 2 1 0 0 3 1 2 
8-30-62 0 0 0 0 2 1 0 1 0 1 
9- 4-62 0 0 0 1 8 2 0 0 0 0 
9-22-62 0 0 0 0 2 1 0 1 0 0 
Total 1 0 4 36 53 
Gamma Forest 
31 
1961 
24 35 55 49 
7-26-61 0 0 1 6 3 2 1 2 7 
8- 7-61 4 5 4 - 3 5 1 1 2 8 
8- 7-61 4 2 1 4 8 6 3 0 8 
8- 8-61 4 6 6 me 12 3 1 2 2 5 
8- 8-61 7 1 2 - 5 2 6 6 6 11 
8-14-61 0 0 1 me 6 5 11 10 4 3 
8-22-61 2 6 1 m 2 6 1 0 1 3 
8-29-61 6 2 1 - 5 3 1 0 0 0 
9- 4-61 0 0 1 «■* 1 1 0 0 0 0 
Total 27 22 18 
Control 
44 36 
Forest 1962 
29 23 17 45 
6- 7-62 0 1 0 0 0 0 0 0 0 0 
6-27-62 5 1 0 0 0 0 1 2 3 1 
7-10-62 8 3 6 4 2 •2 3 5 7 4 
7-28-62 8 12 12 8 4 7 11 5 5 9 
8-15-62 7 4 3 5 6 3 5 2 6 8 
9- 3-62 0 0 0 0 0 0 1 0 0 0 
Total 28 21 21 17 12 12 21 14 21 22 
-65- 
Table 12. 
Abundance of Araneida 
Gamma Forest 1962 
Date 10M 20M 30M 40M SOM 70M 90M 130M 17 0M 210M 
6- 4-62 1 3 12 13 23 19 31 23 35 28 
6-15-62 0 5 5 17 * 101 7 28 23 21 19 17 
6-18-62 4 3 12 12 21 13 19 21 26 22 
6-26-62 3 4 7 11 13 12 13 14 16 16 
7- 1-62 3 4 7 14 8 11 16 13 11 12 
7«* 3-62 1 2 6 13 18 11 8 14 17 20 
7- 6-62 0 0 10 9 11 15 9 14 16 12 
7-14-62 0 0 8 2 6 5 4 12 11 9 
7-20-62 0 0 1 10 5 4 5 7 10 10 
7-24-62 0 1 3 7 5 3 6 8 10 16 
7-30-62 1 3 1 7 13 3 4 21 11 11 
8- 6-62 0 2 10 4 3 5 6 20 15 10 
8-12-62 1 1 6 6 8 8 12 15 8 15 
8—22—62 1 1 4 14 6 10 12 17 10 17 
8-30-62 1 5 6 10 5 15 5 19 11 21 
9- 4-62 3 4 9 8 6 13 6 7 9 13 
9-22-62 2 1 5 8 10 5 11 18 31 17 
Total 21 39 112 165 171 180 190 264 266 266 
Gararaa Forest 1961 
7-26-61 13 10 16 8 18 20 45 18 39 
8- 7-61 25 34 24 - 21 37 29 47 56 49 
8- 7-61 19 19 31 - 39 39 35 24 37 66 
8- 8-61 18 17 25 - 52 19 20 28 24 23 
8- 8-61 16 26 27 ~ 30 17 11 29 39 31 
8-14-61 14 28 33 mm 28 25 17 43 43 42 
8-22-61 10 30 10 - 20 36 19 35 52 27 
8—29—61 16 18 30 m 28 31 32 16 24 36 
9- 4-61 33 26 28 - 24 21 27 26 20 30 
Total 169 208 226 ** 242 243 210 293 323 343 
Control Forest 1962 
6- 7-62 22 18 35 23 26 48 24 33 22 34 
6—27—62 11 16 20 16 11 14 18 20 11 12 
7-10-62 16 24 17 31 15 12 12 22 14 22 
7-28-62 26 22 13 13 9 21 6 21 16 9 
8-15-62 26 11 24 15 11 27 8 16 12 23 
9— 3-62 21 19 19 20 23 18 9 20 24 18 
Total 122 110 128 118 95 140 77 137 99 118 
-66- 
Date 
6- 4-62 
6- 15-62 
6-18-62 
6-26-62 
7- 1-62 
7- 3-62 
7- 6-62 
7-14-62 
7-20-62 
7-24-62 
7- 30-62 
8- 6-62 
8-12-62 
8-22-62 
8- 30-62 
9— 4—62 
9—22-62 
Total 
7*26-61 
8- 7-61 
8- 7-61 
8- 8-61 
8- 8-61 
8—14—61 
8—22—61 
8- 29-61 
9- 4-61 
Total 
6— 7—62 
6- 27-62 
7- 10-62 
7- 28-62 
8- 15-62 
9- 3—62 
Total 
Table 13* 
Abundance of Formicidae 
Gamma Forest 1962 
10M 20M 30M 40M SOM 7QM 9 CM 130M 17 0M 210M 
1 3 9 9 11 4 7 9 4 6 
0 8 11 3 3 10 15 21 27 22 
0 5 13 17 16 14 1 8 5 6 
0 5 0 14 15 20 10 21 32 15 
0 9 8 13 20 16 15 20 19 33 
0 0 9 10 23 15 3 32 18 24 
0 2 12 6 12 2 0 7 8 mm O 
0 0 9 9 26 3 1 13 11 11 
0 0 1 5 11 12 11 12 14 3 
0 1 7 19 12 13 3 13 23 6 
0 0 1 1 10 8 4 13 11 15 
0 0 2 1 12 9 10 13 2 17 
0 0 5 12 15 6 1 3 4 7 
0 0 9 14 22 5 8 1 1 4 
0 1 4 3 6 6 2 12 3 11 
0 0 1 5 7 4 8 6 5 5 
0 0 2 5 2 4 4 0 2 2 
1 34 103 146 223 151 103 204 189 192 
6 13 
Gamma 
8 
Forest 
4 
1961 
77 o u > 6 2 8 
13 33 8 mm 17 17 15 28 27 25 
13* 15 15 mm 8 7 18 21 22 14 
17 21 13 - 13 22 30 7 12 5 
13 11 6 mm 10 22 12 26 23 11 
4 10 7 mm 7 3 2 6 10 16 
10 11 6 - 8 8 17 10 11 7 
S 3 4 mm 11 7 4 2 1 2 
3 1 1 mm 2 1 7 1 3 3 
87 118 68 mm 80 94 113 107 111 91 
26 33 
Control 
23 33 
Forest 
34 
1962 
14 24 16 23 13 
17 16 3 7 9 9 9 7 10 30 
3 6 8 18 13 5 13 & 4 3 
8 18 17 7 6 13 8 17 21 3 
14 17 13 13 9 7 9 10 9 23 
12 21 9 6 4 6 1 7 10 8 
80 111 78 84 75 54 64 59 77 30 
-67- 
Table 14. 
Abundance of Psocidae (Psocoptera) 
Gamma Forest 1962 
Date 1 DM 20M 30M 40M 50M 7QM 9GM 130M 170M 210M 
6- 4-62 0 10 51 21 20 28 40 26 36 4 
6-15-62 2 1 7 1 3 3 1 2 3 3 
6—18—62 3 1 2 5 0 7 2 4 5 3 
6-26-62 18 29 25 4 2 3 1 2 3 0 
7- 1-62 7 10 2 2 2 3 1 0 3 2 
7- 3-62 3 4 2 2 1 2 4 2 1 3 
7- 6-62 8 11 2 0 1 0 1 2 5 2 
7-14-62 4 8 8 6 9 4 9 18 19 11 
7-20-62 10 14 20 13 19 20 25 21 18 32 
7-24-62 10 12 17 7 27 10 13 11 10 39 
7-30-62 10 23 7 13 12 14 12 S 5 3 
8- 6-62 7 17 6 12 8 5 4 4 2 2 
8-12-62 6 13 13 5 2 2 5 1 2 0 
8—22—62 5 12 10 2 3 0 1 2 2 2 
8—30—62 1 6 3 8 1 5 3 19 C 2 
9- 4-62 5 21 37 4 17 9 6 S 11 15 
9—22—62 23 114 78 47 51 50 32 34 18 17 
Total 
» 
122 306 290 152 178 
Gamma Forest 
165 
1961 
160 164 143 140 
7-26-61 0 1 2 0 4 4 9 2 4 
8- 7-61 3 1 0 - 0 3 3 2 4 1 
8- 7-61 0 0 2 1 1 3 0 5 4 
S- 8-61 0 .1 0 - 5 6 2 4 0 0 
8- 8-61 1 0 0 «■* 3 4 1 3 2 1 
8-14-61 1 1 2 - 1 3 2 3 1 2 
8-22-61 0 1 0 1 1 0 1 1 1 
8-29-61 0 0 0 - 0 0 1 0 1 0 
9- 4-61 8 1 2 2 1 6 3 6 3 
Total 13 6 8 
Control 
13 23 
Forest 1962 
22 25 22 16 
6- 7-62 0 2 1 1 0 0 2 2 C 1 
6-27-62 3 0 2 1 6 7 5 0 2 1 
7-10-62 11 10 § 23 7 *3 IS M E J6 uni 1 s 0 0 2 0 1 2 n 4 
9— 3—62 7 16 10 22 8 13 ?3 3 o 19 
Total 28 36 30 56 30 37 34 39 42 59 
i 
-68- 
Table 15. 
Abundance of Stainthurus facialis (Collembola, Sminthuridae) 
Gamma Forest 1962 
Date 1CM 20M 30M 4 CM 50M 70M 90M 130M 170!.! 210M 
6- 4-62 0 10 51 21 20 28 40 26 36 4 
6-15-62 0 0 4 4 6 3 2 6 10 8 
6-18-62 2 2 9 2 2 2 8 4 5 1 
6-26-62 0 0 3 2 2 1 4 4 4 0 
7- 1-62 1 0 1 6 o 4 0 0 0 1 
7- 3-62 0 1 5 7 3 3 0 1 i *•» 1 
7- 6-62 0 0 0 0 1 0 1 0 o ca 1 
7-14-62 0 0 1 0 0 0 0 0 0 0 
7-20-62 0 0 4 4 2 1 0 0 0 1 
7-24-62 0 0 1 2 0 0 0 0 0 0 
7-30-62 0 0 0 13 1 0 1 5 *2 1 
8— 6—62 0 0 1 9 4 0 0 0 0 0 
8-12-62 0 0 2 0 0 0 0 0 "S X 0 
8-22-62 0 0 3 O 4m* 0 0 3 0 0 .0 
8-30-62 0 0 1 5 0 0 0 4 0 0 
9— 4—62 0 0 2 0 1 0 0 1 3 0 
9-22-62 0 0 0 2 0 0 1 0 2 0 
Total 3 13 88 79 44 42 60 51 67 18 
Gamma Forest 1961 
7—26—61 0 0 0 .. 0 0 0 0 0 0 
8- 7-61 1 0 3 - 0 0 0 0 0 2 
8- 7-61 0 0 0 0 0 0 0 -t 1 
8— 8—61 0 2 0 - 4 0 1 0 0 0 
8- 8-61 1 1 1 - 0 0 0 1 1 1 
8-14-61 1 2 2 - 1 1 0 0 0 0 
8-22-61 1 1 0 - 0 0 0 1 0 1 
8-29-61 0 0 0 - 0 0 0 1 JL 0 
9- 4-61 0 3 1 - 0 0 1 0 0 1 
Total 4 9 7 — 5 1 2 3 o j 6 
Control Forest 1962 
6- 7-62 3 0 3 1 3 6 1 6 4 
6-27-62 0 0 0 0 0 0 0 1 2 p 
7-10-62 0 0 0 1 1 0 1 2 0 1 
7-28-62 0 1 0 0 1 1 0 0 0 0 
8-15-62 2 0 0 1 1 0 3 0 0 0 
9- 3-62 0 0 3 0 0 0 1 2 0 0 
Total 5 1 . 6 3 6 7 6 11 5 7 
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FIG. 6. DOSIMETRY OF 
IRRADIATED FOREST ECOSYSTEM 
DISTANCE IN METERS 
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